The California serogroup of the genus Orthobunyavirus consists of several viruses that are prevalent throughout North America. These include the Snowshoe hare virus (SSHV), Jamestown Canyon virus (JCV), California encephalitis virus, and La Crosse virus, among others, and are spread by mosquitoes species such as Aedes, Culiseta, and Anopheles as the vector [1] . In Canada, there have been over 200 probable and confirmed cases of SSHV and JCV infections since 2006, when immunoglobulin (Ig)M enzyme-linked immunosorbent assay (ELISA) and plaque reduction neutralization test (PRNT) became available [2] . Serological surveys estimate that 1%-42% of the general population carry antibodies to SSHV, although there is wide variability determined by geographic location [3, 4] . Most infected individuals do not present to their healthcare provider because of the nonspecific nature of symptoms and the tendency for resolution of infection without serious sequelae [3] . In contrast, we describe a dramatic presentation of meningoencephalitis in a patient from Northern Manitoba due to SSHV infection. Written consent was obtained from the patient to publish details of the clinical case.
CASE PRESENTATION
A 24-year-old Aboriginal male living on a First Nations Reserve in Nothern Manitoba, Canada, presented to hospital on July 3, 2016 with 1 week of high-grade fevers, headache, nausea, and vomiting, and 2 days of altered mental status and a diffuse macular rash, according to collateral history provided by the patient's mother. He had recent exposure to mosquitoes in his home community and no history of travel outside Manitoba.
On presentation, he was febrile to a temperature of 39.1˚C, hypertensive, and tachycardic. He was confused and had nuchal rigidity. A diffuse macular rash involving his face, trunk, and both upper and lower extremities, sparing his palms and soles, and blistering of his mucocutaneous tissues were noted. His conjunctivae were injected and edematous.
Laboratory investigations revealed severe hyponatremia (serum sodium of 114 mmol/L) and neutrophil-predominant leukocytosis. After drawing blood cultures, empiric antimicrobial therapy with vancomycin, ceftriaxone, ampicillin, and acyclovir was initiated. Cerebrospinal fluid (CSF) drawn on the day of presentation 6 hours after antibiotic administration showed elevated protein (1.21 g/L) and pleocytosis (total nucleated cell count 485 × 10 6 /L, with the differential showing 88% mature neutrophils, 6% lymphocytes, and 6% monocytes/macrophages). Computed tomography of the brain was normal. He was intubated for airway protection and admitted to the intensive care unit. All blood and CSF cultures returned negative for growth, and 16S ribosomal ribonucleic acid (RNA) polymerase chain reaction (PCR) performed on CSF did not reveal a causative bacterial organism. Cerebrospinal fluid PCR testing for herpes simplex virus and enterovirus were negative, and testing for other arboviruses including West Nile virus ([WNV] IgM), Western equine encephalitis (hemagglutination inhibition [HAI]), and Powassan (HAI) were negative. At this point, he showed signs of clinical improvement, and all antimicrobials were discontinued. He was discharged home 7 days after his initial presentation. The patient declined repeat CSF sampling to detect the presence of antibodies against SSHV or JCV in the CSF.
Immunoglobulin M for JCV and SSHV were detected using IgM antibody-capture ELISA (MAC-ELISA). This is an in-house test used at the National Microbiology Laboratory in Winnipeg, Canada, based on a validated protocol for MAC-ELISA in detection of arboviruses [5] . Captured IgM antibodies directed at JCV or SSHV are bound to cell culture lysate containing SSHV or JCV antigens and then detected by respective enzyme-conjugated monoclonal antibodies, and a positive-to-negative ratio of <2 indicates the absence of IgM antibody, 2-3 is equivocal, and ≥3 indicates the presence of IgM antibody. The MAC-ELISA results that are either equivocal or positive are cross-referenced to PRNT for confirmation. This is performed per a standardized protocol where a mixture of diluted serum and target virus are incubated together and inoculated over a confluent cell monolayer, and the last serum dilution that significantly reduces the input dose of virus is determined to be the endpoint [6] . For our patient, sera collected at 8 and 28 days after onset of clinical symptoms were tested in parallel using PRNT (results shown in Table 1 ).
DISCUSSION
Since methods for reliable detection of California serogroup viruses have become available in Canada and the United States, there has been an increase in identified cases of clinical infection [2, 7] . A retrospective analysis of sera collected in Manitoba from suspected WNV found that a significant number of these cases had IgM antibody to JCV and/or SSHV [8] . The seroprevalence of SSHV has been reported to range between 1% and 10% in southern Ontario and 1% and 42% in northern Quebec [3, 4] . Despite this seroprevalence, prospectively identified clinical infections with SSHV are rare, owing to infrequent testing, nonspecific febrile illness, and an overall favorable prognosis.
The clinical presentation of infection with California serogroup varies along a spectrum ranging from a mild febrile illness to severe neuroinvasive disease, including meningitis and meningoencephalitis [2] . Previous case reports of SSHV disease in Canada have described encephalitis predominantly affecting young children, although cases affecting adults have been described; typical findings on presentation included high-grade fever, nausea and vomiting, and headache, whereas several pediatric patients also presented with confusion, neck rigidity, or seizures [3, [7] [8] [9] . The patient in our case presented with confusion, due to a combination of encephalitis and concomitant hyponatremia. Hyponatremia secondary to syndrome of inappropriate antidiuretic hormone has been previously reported to be associated with other California serogroup viruses in children [10] . His other symptoms, including the macular rash, mucocutaneous desquamation, and preceding diarrhea, have not been described in these cases of SSHV but have been documented in cases involving other members of the California serogroup [11] .
The diagnostic work-up for California serogroup viruses was initiated after investigations that eliminated other viral, including arboviral, etiologies of meningoencephalitis. Diagnostic criteria from the US Centers for Disease Control and Prevention for infection with California serogroup viruses categorize a "confirmed" case of neuroinvasive disease if any of the following criteria are met: (1) a 4-fold or greater rise in virus-specific IgG antibody titer in paired sera; (2) presence of IgM and neutralization antibodies in CSF and a negative result for other IgM antibodies in CSF for other endemic arboviruses; (3) isolated viral RNA, or positive viral culture from CSF, blood, other bodily fluid, or tissue; and (4) virus-specific IgM antibodies in serum with confirmatory virus-specific neutralizing antibodies in the same or later specimen [12] . There is known serological cross-reactivity between members of the California serogroup virus, and, therefore, MAC-ELISA is run in combination with PRNT [13] . In our case, the diagnosis of a confirmed case was based upon detection of IgM antibodies against SSHV with confirmatory neutralizing antibodies through PRNT. Because the titer of SSHV-specific neutralizing antibody by PRNT was 4-fold greater than that of JCV, SSHV was identified as the culprit. It was found that neutralization antibody levels against SSHV only fell by 2-fold between what were believed to be acute and convalescent phases. Neutralization antibody levels in an arboviral infection rise within 2 days of onset of illness, peak by 14 days, and decline to low levels, where they may persist for lifetime [6] . Given the incubation period of the virus and fast kinetics of antibody rise, it is very likely that so-called acute serum we had collected was in fact collected too late during the course of the infection; therefore, findings suggest that both sets of sera may have been drawn during the convalescent phase. The natural history of the infection is unclear, and an immune-mediated second phase resulting in neuronal injury is possible, as previously described for other arboviruses [14] .
CONCLUSIONS
This case highlights that California serogroup viruses should be considered on the diagnostic differential for meningitis or encephalitis in Canada. This case may herald a more frequent diagnosis of neuroinvasive California serogroup viruses, both as testing becomes more routine and as the prevalence of vectors increases with the changing climate [15] . Diagnosis of infection with California serogroup viruses is confirmed through detection of virus-specific antibodies by MAC-ELISA and PRNT run in parallel. In Canada, infection with California serogroup virus does not currently necessitate notification of national or provincial public health agencies. Therefore, more large-scale and prospective studies are needed to shed further light on the true incidence of infections with California serogroup viruses in Canada. 
